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ABSTRACT 

This  report  presents  a  brief  Survey  of  the  SenSor  arid  readout 
inStrunaentatiOii  assoeiated  with  the  Cedar  Hill  meteorologieal  tower 
facility  together  with  an  analysis  of  its  performance  during  the 
first  two  years  of  operations.  Factors  giving  rise  to  system  errors 
such  as  those  involved  in  analog ^to^-digital  conversionj  digital  code 
conversion,  integrator  drift,  input  scaling  and  sensor  malfunctioning 
are  discussed  and  tabulations  are  presented  of  their  frequency 
distributions.  Procedures  are  given  for  the  detection  of  these 
errors  and  for  the  modifications  which  have  been  and  will  be  made 
for  their  correction  or  reduction. 
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INTRODUCTION 


ContraGt  AF  l9(6'04)-S5S-6  between  the  Air  Force  Cambridge  Research 
Liaboratories  and  The  University  o£  Texas  became  effective  1  February  1960. 
This  contract  covered  a  period  of  34  months  for  the  Operation  and  main¬ 
tenance  of  the  1434-foot  meteorological  tower  facility  located  at  Cedar  Hill, 
Texas.  This  is  the  Final  Report  to  be  prepared  under  the  subject  eontract. 
The  results  of  research  operations  utilizing  the  tower  data  will  be  covered 
in  the  Final  Report  to  Contract  AF  19(604)-7279. 

The  following  sections,  including  a  brief  overall  description  of  the 
tower  system,  will  give  a  broad  survey  of  its  performance,  accuracyi 
limitations,  and  pertinent  modifications.  Reference  will  be  made,  where 
necessary,  to  the  results  presented  in  prior  publications. 

I.  BRIEF  DESCRIf  TION  OF  SYSTEM 

As  a  service  to  the  reader  in  providing  background  information 

relevant  to  the  more  detailed  discussion  which  will  follow  involving  system 

performance,  a  brief  discussion  will  be  presented  here  of  the  major  feature 

of  the  tower  installation.  Reference  whould  be  made  to  the  previous  publi- 
12  3  4 

cations  ’  ’  ’  for  more  comprehensive  studies  of  the  various  system 
components,  the  performance  checks  and  the  data  editing  procedures. 

The  tower  utilized  for  this  study  is  located  at  Cedar  Hill,  Texas 
approximately  15  miles  southwest  of  Dallas  and  serves  as  the  support  of 
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The  data  readout  system  is  designed  primarily  to  permit  digital 
reGording  of  time  averaged  meteorologiGal  data  using  five  Ghannel  teletype 
Gode  in  a  programmed  sequence  on  paper  tape.  This  paper  tape  iS  designed 
for  eompatihility  with  an  IBM  047  tape^to-eard  punch  and  as  a  result  is 
subsequently  and  automatically  converted  into  three  So^column  IBM  cards. 

After  scaling  and  amplification  by  circuits  designed  to  obtain  a  standard 
2.00  millivolts  per  mph  or  degree  Fahrenheit,  the  Sitnultaneous  inputs 
from  all  36  data  channels  are  applied  to  corresponding  analog  integrating 
amplifiers  which  develop  a  set  of  voltages  proportional  to  the  average  of 
input  data  over  the  preselected  time.  Integration  time  and  data  readout 
cycles  can  be  selected  as  desired  over  a  fairly  wide  range.  At  the  close 
of  the  accurately  timed  averaging  period  the  programmer  disconnects  all 
data  inputs  and  causes  the  scanner  to  apply  the  integrated  voltages  in 
sequence  to  the  digital  voltmeter.  This  coded  digital  voltmeter  output 
information  is  then  Sequentially  punched  On  paper  tape.  Time,  date  and 
certain  fixed  format  information  are  also  punched  on  the  paper  tape.  After 
each  Cyeie  the  Scanning  equipment  is  reset  and  the  programmer  resets  the 
integratocs  to  zero  by  shorting  out  the  average  voltages  previously  developed. 

The  five  =  ehannel  teletype  code  paper  tape  is  the  primary  data  acquisition  i 

system  output  with  a  Friden  FFC«5  Flexowriter  utilized  to  type  an  original 
listing  and  five  copies  of  the  system  data.  Certain  additional  features  have 
been  incorporated  into  the  system  to  permit  greater  versatility  in  operation. 

These  include  multiple  sensor  cable  installations  on  the  tower  which  can 
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handle  the  output  of  additional  instriirfients  when  desiredi  a  provision  to 
permit  strip  ohart  recording  without  integration  of  any  Or  all  variables  and 
a  number  of  Special  self^Ghecking,  self- Starting  and  reset  features.  The 
Scanning  procedures  also  include  special  symbols  on  the  tape  for  Gontrol  of 
the  Flexowriter  and  for  use  in  the  tape-to-card  conversion  procesSi 


IL  SYSTEM  MALFUNCTIONS  AND  PERFOIlMANCl  EVALUATION 

A,  Error  Sources  Contributing  to  System  Errors 

During  the  two  years  of  operation  of  the  Cedar  Hill  meteoro¬ 
logical  towerj  the  major  sources  of  system  errors  have  been  isolated. 
During  this  time,  tests  and  calibration  procedures  have  been  developed 
in  order  to  detect  and  correct  the  system  malfunction  errors  which  occur. 
The  technigrUes  which  are  briefly  discussed  are  presented  in  their  GUrrent 
Stage  of  development.  A  complete  and  detailed  diSCUSSion  of  the  test  and 

analysis  teGhniques  appears  in  Appendix  A  of  the  system  Operation  and 

5 

Maintenance  Manual. 

1.  EDVM  noiie  errors 

The  Combined  analog  =to^digital  eonversion  noise  errors 
and  the  digital  code  eonversion  errors  are  eonsidered  as  a  single  error 
source  for  the  system.  For  eonvenienee  and  brevity,  these  are  referred 
to  as  "EDVM  (eleetronie  digital  voltmeter)  :noise"  errors.  Currently,  a 
weekly  test  called  "digit  check"  is  performed  on  the  system  to  investigate 
this  error  source. 
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The  EDVM  noise  was  recognized  aS  a  fnajor  problem  in 
the  Spring  of  1961  until  August  19 61^  during  which  time  a  series  of  minor 
improvements  were  incorporated.  In  August^  a  cumulative  improvement  of 
an  order  of  magnitude  in  the  error  figure  was  obtained.  The  improvements 
were  obtained  by  such  techniques  as  (1)  removing  system  ground  loopSj 
(2V  installing  additional  eleGtromagnetie  Shielding  at  critical  points  in  the 
system  and  (3)  isolating  and  individually  arc  suppressing  by  S.C  networks, 
Suppressor  diodes,  etc, ,  the  major  individual  electromechanical  noise 
contributors  including  such  components  as  the  Flexowriter  (a  tape*reading 
eleetric  typewriter),  the  tape  take-up  motorSi  the  tape  punch,  the  stepping 
switches  and  the  calibration  solenoid  for  the  ambient  temperature  recorder* 

Prior  to  August  1961,  the  weekly  "digit  check"  showed 
that  errors  of  plus  or  minus  0*1  to  0*  5  units  occurred  in  20  to  40  per  cent  of 
the  data.  Errors  of  a  different  type  called  "decade  errors"  with  magnitudes 
of  plus  1.  0,  lO.  0  or  loo.  0  oGCurred  in  0.  01  to  0. 1  per  cent  of  the  data.  After 
August  1961,  errors  of  plus  or  minus  0.1  units  occurred  in  2  to  5  per  cent 
of  the  data  and  errors  of  0*  2  to  0.  5  units  occurred  in  0. 01  to  0.  l  per  cent 
of  the  data.  Decade  errors  of  plus  1,  0,  10-  0,  lOO-  0  still  occurred  in  0.  01 
to  0.  1  per  cent  of  the  data.  Only  small  improvements  in  these  figures  are 
anticipated  from  the  system  repairs  and  improvements  in  early  1963, 
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2.  Integrator  drift  noise  errors 

The  errors  involved  in  generating  the  average  value  Of  the 
thirty- six  individual  data  channels  over  the  preselected  averaging  time 
intervals  are  considered  for  brevity  and  convenience  to  be  "integrator 
drift"  errors.  Since  errors  from  this  source  were  anticipated  to  be 
appreciable  during  the  design  phase  of  the  system,  a  twelve  =hour  automatic 
calibration  was  built  in.  These  test  data  are  based  on  a  calibration  signal 
equivalent  to  a  data  signal  of  about  49^  5  miles  per  hour  and  49i  5  degrees 
Fahrenheit.  Unlike  the  regular  data*  these  data  are  read  out  at  an  increased 
Sensitivity  of  {xl4.  5)  for  ten^minute  data.  The  test  results  contain  excess 
errors  due  to  the  test  equipment  instability,  but  the  tests  are  made  with  a 
dc  Voltage  instead  of  being  slowly  time  varying  as  are  the  data  signals. 
Assuming  approximate  cancellation  by  these  two  effects,  the  test  results 
are  assumed  to  4ppiy  proportionally,  since  the  test  results  are  obtained 
with  a  higher  resolution  than  the  normal  data. 

The  automatic  system  calibration  at  noon  and  midnight 
daily  has  been  in  operation  as  long  as  the  system.  In  February  1962,  the 
averaging  circuit  gain  consistency  checks  (automatic  system  calibration) 
were  expanded  tO  include  both  a  positive  and  negative  polarity  test  signal 
at  noon  and  midnight  daily.  With  this  additional  bit  of  information  about  the 
bias  nature  Of  certain  errors,  the  detection  and  repair  techniques  were 
improved  and  some  heretofore  undetectable  small  system  errors  were 
uncovered  and  repaired.  The  other  major  improvement  obtained  in  this 
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area  during  the  first  year  of  operation  was  the  installation  of  meGhaniGal 
SpaGers  in  the  Operational  amplifiers  whiGh  provided  naore  positive  plug 
GontaGts  and  eliminated  numerous  system  overloads  eaused  by  intermittent 
poor  plug  Gontaeti 

Over  the  two*year  operation  period  about  2.7  per  eent 
of  the  data  readings  may  be  expeeted  to  have  integrator  drift  errors  of  plus 
or  minus  O.l  units  or  largerj  referred  to  normal  ten-minute  data.  With 
Gurrent  teGhniques  this  figure  may  be  kept  in  the  range  of  0. 2  to  1  per  eent 
whenever  suffieient  operator  time  is  available  to  keep  the  system  in  top 
adjustment  and  to  maintain  spare  parts  for  rapid  off-line  repairs  of  defeetive 
operational  amplifiers.  During  the  1963  shutdown,  repairs  will  be  initiated 
to  remove  an  average  system  bias  which  has  heretofore  amounted  to  about 
-0.  0.3  units  in  the  data-  Except  for  the  two  small  improvements  above,  no 
major  improvements  in  this  portion  of  the  system  are  antiGipated  for  the 
1963  operation. 

3,  Input  sealing  noise  errors 

The  errors  involved  in  converting  the  voltage  Signals  from 
the  various  sensors  into  a  uniform  signal  level  Suitable  for  parallel  analog 
averaging  are  referred  to  for  brevity  as  "input  scaling"  noise  errors.  For 
the  wind  signals  this  involves  a  passive  resistive  voltage  divider  with  a  gain 
of  0,03400  when  loaded  by  the  integrator  averaging  eireuit,  For  the  ambient 
temperature  eireuit  this  involves  a  non-linear  servo-controlled  retransmitting 
slidewire  with  an  output  of  2,00  millivolts  per  degree  Fahrenheit  from  -25  to 
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+125  degrees  Fakrenfeeit  when  loaded  by  the  averaging  circuit.  The 
temperature -difference  Gircuits'  gain  is  a  nonlinear  Gompensated  funGtion 
of  tower  temperature  requiring  an  active  amplifier.  At  10  degrees  Fahrenheit^ 
the  gain  required  is  96.  86,  at  77  degrees  Fahrenheit  (the  equivalent  system 
calibration  temperature)  the  gain  required  is  88.  54  and  at  100  degrees 
Fahrenheit  the  gain  required  is  85.76.  Gain  instabilities  (noise)  arise 
from  leakage  resistanGe  changes  (wind  circuits,  especially)  and  amplifier 
gain  instabilities  (temperature-difference  circuits).  No  ground  check  is 
available  for  the  ambient  temperature  channel. 

Very  little  routine  data  investigating  this  error  source 
has  been  compiled  and  analyzed  during  the  two  years  of  operation  of  the 
system.  What  information  has  been  obtained  indicates  that  the  system 
error  contribution  from  this  source  may  be  one  to  two  times  as  large  as 
the  integrator  drift  contribution.  That  is*  errors  of  0. 1  units  or  larger  in 
the  system  output  may  occur  due  to  this  Source  in  2  to  5  per  cent  of  the 
system  readings.  The  major  improvements  made  in  this  area  during  the 
two  years  of  operation  resulted  from  the  recognition  of  coaxial  cable  leakage 
variations  as  the  major  source  of  System  noise  for  the  wind  channels  due  to 
this  source  and  amplifier  chopper  ripple  as  the  major  source  of  temperature- 
difference  gain  instabilities, 

A  major  improvement  in  the  system  performance  is 
expected  in  this  area  for  the  operation  in  1963.  The  effects  of  input  sealing 
noise  will  be  investigated  on  a  routine  basis  weekly  and  precise  calibrations 
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will  be  perforftied  monthly.  Meretoforej  relianGe  has  been  plaGed  on  the 
initial  system  Galibration.  This  more  routine  and  detailed  study  of  this 
error  SoUrGe  will  permit  more  rapid  deteetion  and  repair  of  failing  GireuitS 
and  will,  in  addition,  provide  a  more  realistie  estimate  of  the  system  errors 
Gontributed  from  this  sourGe. 

4.  Instrument  errors 

Instrument  errors  are  Gonsidered  to  be  those  errors 
involved  in  Gonverting  the  measured  variable  into  eleGtriGal  form  and  in  the 
transmission  of  this  electrieal  signal  to  the  ground  for  maGhine  proGessing. 
Due  to  the  different  teGhniques  employed,  the  instruments  will  be  diseussed 


a.  Ambient  temperature  errors 

The  ambient  temperature  tbermoeouple  junGtion 
and  reGorder  have  a  rated  aeGUracy  of  plus  or  minus  0.  7  degrees  Fahrenheit. 
The  initial  laboratory  Galibration  indicated  that  the  instrument  acGuraGy  was 
within  plus  or  minus  0.  6  degrees  FabreiUieit  over  the  temperature  range  0 
to  120  degrees  Fahrenheit.  The  average  error  over  this  temperature  range 
was  ■^0.  21  degrees  Fahrenheit,  The  single  tower  reealibration  at  a  single 
temperature  was  within  0.  3  degrees  Fahrenheit  of  the  initial  Galibration  error 
at  the  same  temperature.  No  improvements  whatever  are  expected  for  this 
instrument  during  1963  operation,  except  for  obtaining  an  additional  measure 
of  the  instrument  ealibratipn  stability. 
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(b)  Wind  errors 

The  twenty^foiir  wind  data  Ghannels  measure  the 
average  values  of  the  instantaneous  north- South  and  east -we St  veGtor  com- 
ponentS  of  Wind  veloGity.  On  a  routine  basis*  the  average  VeGtor  Wind 
VeloGity  for  each  of  twelve  measuring  elevations  iS  plotted  four  times  each 
day.  The  data  roGords  obtained  are  utilized  to  deteGt  two  types  of  instrument 
failure: 

(1)  A  sudden  drastio  and  eonsistent  ehange  in  the  data 
signal  from  one  or  more  Ghannels  is  readily  observable.  Prompt  tests  on 
the  ground  ean  determine  whether  the  failure  is  due  to  the  instrument  or  to 
the  ground  equipment  and.  if  the  failure  is  due  to  the  instrument*  it  may  be 
readily  replaced  by  an  operative  spare  unit  while  repairs  are  performed, 

Sueh  an  instrument  replacement  may  be  cheeked  on  the  tower  by  a  simulated 
wind  velocity  test  with  accuracies  of  about  one  mile  per  hour  and  D.  2  degrees 
of  azimuth. 

(2)  If  one  level  of  wind  data  shows  consistent  departures 
from  the  prevailing  wind  pattern  of  as  much  as  3  miles  per  hour  or  4  degrees 
of  azimuth,  it  is  removed  for  a  thorough  ground  check.  Deviations  of  this 
small  a  magnitude  are  normally  aeceptable  as  being  due  to  a  small  variation 

in  the  prevailing  wind  pattern.  However,  when  the  deviation  oeeurs  consistently 
at  one  level  under  varying  wind  eonditions,  the  probability  that  the  deviation* 
although  small,  is  due  to  instrument  error  becomes  quite  high.  In  this  case* 
the  instrument  is  replaced  after  a  ground  test  t©  insure  that  the  ground  readings 
are  consistent  with  the  instrument  signal. 
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Periods  wkere  intermittent  inGonsistenGieS  of  about 
2  to  IS  miles  per  hour  oeeur  in  the  wind  data  due  to  instrument  failures  have 
been  individually  noted  in  the  data  editing.  The  Aerovane  tower  and  ground 
eleGtrieal  Galibration  equipment  was  not  developed  until  January  1962.  In 
January  t96l|  the  Aerovanes  suffered  heavy  damage  due  to  falling  ice.  At 
that  time  four  new  Aerovanes  were  purGhased  and  the  eight  remaining  tower 
levels  were  supiplied  by  units  rebuilt  from  the  better  SGraps  of  the  damaged 
units.  SinGe  no  spares  were  available^  whatever  response  the  damaged  units 
provided  had  to  be  aGGepted.  The  unit  at  level  6  (600  foot  elevation)  was 
partiGularly  subjeGt  to  intermittent  failures.  By  January  1962,  spare  parts 
for  repairs  had  been  obtained  and  the  eleGtriGal  calibration  equipment  was 
Gompleted  which  permitted  a  factory  quality  overhaul  of  all  tower  units 
damaged  by  the  iee  fall  of  January  1962.  All  units  were  reinstalied  at  this 
time  and  as  used  during  1962  had  an  initial  installation  acGuracy  of  plus  or 
minus  2  miles  per  hour  and  2  degrees  in  azimuth.  Except  for  individual 
intermittent  failures  as  noted  in  the  data  editing,  the  operational  acGuracy 
in  1962  may  be  estimated  to  be  within  3  miles  per  hour  and  3  degrees  in  azimuth 
for  the  year. 

The  major  improvement  in  Aerovane  performance  for 
1963  will  be  a  result  of  more  rapid  detection  of  intermittent  failures  and  replace 
ment  of  the  intermittent  instrument. 
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(g)  Temperature'^differenGe  errors 

The  eleven  tepaperMiire-differeftGe  GhannelSj  like 
the  wind  Ghannels,  are  plotted  four  times  daily  as  a  cheek  On  instrument 
GonsistenCy.  An  additional  Gheck  utilizes  the  fact  that  temperature  is  a 
scalar  point  funGtioa  rather  than  a  vector  field  quantity  like  wind.  This 
check  involves  the  off-line  "loop"  tenaperature^difference  circuit  measuring 
the  temperature-difference  between  the  bottom  and  the  top  of  the  tower. 

This  "loop"  measurement  is  external  to  the  regular  system  data,  but  over 
equivalent  time  intervals  its  average  value  should  be  the  negative  of  the 
algebraic  Sum  of  the  eleven  system  temperature  differences.  A  monthly 
"closure  error"  distribution  is  prepared  from  the  four  daily  sample  data 
plots  as  a  measure  of  the  overall  system  temperature  ^difference  aGCuracy 
under  actual  operating  conditions. 

if  the  errors  in  each  temperaturefdifferenCe  cirGuit 
are  Gaussian,  the  "closure  error"  should  be  OauSsian.  A  belated  analysis  of 
this  data  has  shown  that  the  errors  are  not  Gaussian.  The  worst  months  for 
this  error  were  December  1961,  November  1961  and  June  1961.  The  data  are 
summarized  with  reference  to  a  relatively  inaceurate  thermistor  measure* 
ment  of  the  temperature  at  level  12  (T^^)  from  May  1961  through  January  1962, 
From  February  1962  through  December  1962,  the  "loop"  thermocouple  circuit 
served  as  the  comparison  standard.  This  circuit  has  the  same  inherent 
accuracy  as  the  systeni  temperature’-difference  circuits  except  for  the 
additional  error  introduced  by  its  strip  chart  recorder  (plus  or  minus  Q,  4 


13 


degfees  Fahrenheit).  In  addition^  it  does  not  penalize  the  ternperatnre* 
difference  circuits  with  the  plus  or  rniftUS  0.7-degree  Fahrenheit  aecuracy 
of  the  ambient  temperature  reading.  The  "closure  errors"  measured  by  the 
"loop"  circuit  are  seen  to  be  more  accurate  by  a  factor  of  2  to  4  than  were 
obtained  using  the  thermistor  Gomparison  circuit.  From  this^  one  may  con¬ 
clude  that  a  portion  of  the  "error"  should  be  attributed  to  the  thermistor 
reference  before  attributing  the  remainder  to  system  data  errors*  On  a 
monthly  basis,  this  comparison  may  be  seen  in  the  appropriate  columns  of 
Table  1  on  page  14.  The  columns  on  percentage  closures  for  the  temperature^ 
differences  in  Table  I  are  points  from  an  error  distribution.  That  is,  the 
ciosure  error  may  be  expeicted  toacceedthe  given  magnitude  of  error  the 
tabulitted  percentage  of  time* 

The  closure  errors  are  found  to  be  quite  large  with 
respect  to  th§  error  predicted  by  the  circuit  design.  An  analysis  Of  the 
effects  of  leakage  from  extraneous  wind  signals  shows  that  the  leakage 
resistance  deterioration  from  its  initial  value  of  1000  megohms  to  the  worst 
measured  value  of  20  megohms  has  reduced  the  maximum  allpwabie  extraneous 
signal  value  for  negligible  error  from  6  volts  (equivalent  to  100  miles  per  hour 
in  the  appropriate  wind  channel)  to  0. 1  volts  (equivalent  to  2  miles  per  hour  in 
the  appropriate  wind  channel  under  the  worst  angle  conditions,  Under  current 
conditions  a  wind  signal  of  plus  or  minus  15  miles  per  hour  could  produce  an 
error  of  as  much  as  plus  or  minus  0.  4  degrees  Fahrenheit  in  the  adjacent 
temperature 'difference  circuit.  Since  it  is  impossible  to  guarantee  that  the 
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tower  potential  is  within  0. 1  volts  of  ground,  errors  rnay-  he  expected  from 
both  tower  potentials  (bias)  and  wind  velocity  cross'^talk. 

A  major  improvement  in  this  area  is  to  be  installed 
in  early  1963.  An  improved  dc  shielding  technique  ("guarding")  is  to  be 
employed  on  the  temperature -difference  sensors  which  will  produce  negli¬ 
gible  temperature-difference  error  assuming  the  worst  ease  leakage  of 
20  megohms  for  dc  tower  potentials  up  to  500  volts  and  wind  velocities  at 
any  azimuth  with  speeds  up  to  100  miles  per  hour.  The  only  unprovable 
assumption  in  these  figures  involves  the  sensor  cable  leakage  (as  opposed 
to  plug  leakage)  having  remained  within  an  order  of  magnitude  of  the  initially 
measured  values.  Once  these  improvements  are  incorporated,  it  is 
expected  that  the  standard  deviation  of  the  Oaussian  closure  error  will  be 
about  0.  7  degrees  Fahrenheit  which  corresponds  to  a  standard  deviation 
per  temperature -difference  channel  of  about  0.2  degrees  Fahrenheit,  or 
about  0,  1  degree  Fahrenheit  if  the  chart  accuracy  of  the  "loop"  circuit  is 
eliminated  from  consideratipn. 

B.  Summary  of  System  Malfunctions  and  Performance 

Table  1  summarizes  the  performance  and  malfunctions  of  the 
system  operation  during  its  two  years  of  operation  under  contract  AF  19(604)- 
5556,  The  system  had  an  average  down  time  of  28.  7  per  cent  during  the  first 
year  of  operation,  14.6  per  cent  during  the  second  year  of  operation  and  21.4 
per  cent  over  the  two  year  period. 


Based  on  the  results  of  periodiG  tests,  the  per  Gent  oeeurrenGe 
of  Oi  1  Units  or  larger  data  errors  due  to  EDVM  noise  was  20  to  40  per  Gent 
during  part  of  the  first  year's  operation  and  this  was  redueed  to  2  to  5  per 
cent  for  the  remainder  of  the  first  year  and  all  of  the  seeond  year  's  operation* 

The  per  Gent  oGGurrenGe  of  0.1  units  or  larger  data  errori  due 
to  integrator  drift  was  about  2.7  per  cent  for  the  two  years'  operation.  During 
most  of  the  second  year  of  operation,  however,  twice  as  much  test  data  from 
which  the  above  figures  were  derived  were  GolleGted  and  analyzed. 

The  per  cent  occurrence  of  0.1  units  or  larger  data  errors  due 
to  input  Sealing  noise  was  not  thoroughly  investigated  during  the  two  years 
of  operation.  However ,  based  on  what  data  that  were  taHen,  it  appears  that 
this  figure  did  not  exceed.  2  to  $  per  cent  of  the  readings. 

The  instrument  accuracy  of  the  atnbient  temperature  channel 
was  maintained  to  ebout  plus  or  minus  0.  7  degrees  Fahrenheit  during  the  two 
years  of  operation. 

The  wind  channel  accuracy  was  initially  plus  or  minus  3  tniles 
per  hour  and  3  degrees  of  azimuth  for  all  winds  and  azimuth.  From  January 
1961  through  January  1962,  the  wind  channel  accuracy  was  not  determined. 
However,  an  estimate  has  been  made  that  it  was  within  plus  or  minus  4  miles 
per  hour  and  4  degrees  of  asimuth  except  as  noted  in  the  data  editing.  In 
January  1962,  all  instruments  were  overhauled  and  had  an  initial  installation 
accuracy  of  less  than  plus  or  minus  2  miles  per  hour  and  2  degrees  azimuth 
at  all  levels.  It  is  estimated  that  the  accuracy  was  maintained  to  within  plus 
or  minus  3  miles  per  hour  and  3  degrees  of  azimuth  for  the  remainder  of  1962. 
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The  aeGuracy  with  which  the  ternperature  at  any  level  is  known 
depends  on  several  factors.  For  all  rneasurenaents  the  acGuraGy  of  the  arnhient 
temperature  Ghannei  ©f  about  plus  Or  minus  0.  7  degrees  Fahrenheit  enters  in. 
An  entire  curve  of  temperature  versus  elevation  plotted  from  the  system  data 
could  he  shifted  toward  larger  or  smaller  temperature  readings  hy  as  much 
as  0.  7  degrees  Fahrenheit  due  to  the  arnhient  temperature  accuracy.  In 
addition,  the  shape  of  the  curve  depends  on  the  individual  accuracies  and 
resolution  of  the  temperature^difference  circuits.  By  utilizing  the  "loop" 
temperature^ifference  circuit,  the  "closure  error"  of  all  eleven  temperature*^ 
difference  circuits  may  he  estimated.  The  "closure  error"  of  the  sum  of  the 
eleven  data  temperature^difference  readings  plus  the  "loop"  temperature- 
difference  reading  measures  essentially  the  difference  in  temperature 
between  level  IZ  and  level  12  which  Should  be  zero  at  all  times.  In  practice 
both  the  resolution  and  accuracy  of  the  individual  data  channels  cause  the 
"closure  error"  to  be  non-zero. 

If  the  errors  can  be  shown  to  be  distributed  in  a  normal  or 
Gaussian  manner,  and  if  it  may  be  accurately  assumed  that  the  errors  of 
any  individual  channel  are  equal,  a  measure  of  the  standard  deviation  and 
probable  error  of  each  daiu  channel  of  temperature  difference  may  be  obtained. 
The  second  assumption  is  currently  reasonably  well  justified  in  practice  but 
unfortunately  the  first  is  not.  The  closure  errors  can  and  have  been  shown 
to  contain  non-random  errors.  The  primary  sources  of  these  non-random 
effects  will  be  removed  during  the  system  shut-down  for  maintenance  during 


the  spring  of  1963.  If  the  teehniqueS  employed  are  stiGGessful,  it  will  be 
possible  then  to  mathematiGaliy  determine  the  probable  error  in  eaeh 
temperature»differenGe  readingi  On  earlier  data*  however,  this  determina- 
tion  beeomes  too  diffioult  for  reasonable  analysis.  It  iSj  however,  quite 
possible  to  determine  limits  or  bounds  on  the  system  errors  ^  both  random 
and  unrandoim.  Three  points  on  the  "Glosure  error"  distribution  are  shown 
tabulated  in  the  last  three  Golumns  of  Table  1. 

C.  changes  in  Operation  for  1963 

During  the  maintenanGe  shutdown  in  early  1963  major  improve¬ 
ments  are  to  be  incorporated  in  the  temperature’differenGe  cifeuits  and  the 
input  SGaling  and  Gompensation  and  SGaling  GirGuits,  Coniplete  sensor  reeal- 
ibrationS  will  be  performed.  Some  improvements  which  should  result  in 
minor  improvements  in  the  EDVM  noise  and  integrator  drift  error  figures 
will  be  installed,  A  general  meGhanical  overhaul  of  weathered  and  damaged 
system  components  will  be  performed. 

For  the  1963  Operations,  routine  data  will  be  reduced  to  a  five- 
Or  ten.=minute  average  sampled  once  every  thirty  minutes,  However,  during 
periods  of  particular  interest  (which  are  the  coinditions  where  previously  the 
temperature-difference  errors  were  most  likely  to  be  excessively  large), 
data  will  be  sampled  as  a  forty- second  average  once  each  minute, 
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III.  PLANNED  OPEaAf  IONS  DURINO  THE  NEXT  YEAR 

As  described  more  fully  in  the  previous  paragraphs,  a  period  of  three 
to  four  months  will  be  employed  during  the  first  part  of  1963  in  a  complete 
recalibration  and  adjustment  of  the  system.  To  the  extent  possible,  plans 
are  also  underway  to  extend  the  basic  meteorological  facility.  ThuSi  it  is 
hoped  thati  on  occasionj  it  will  be  possible  to  obtain  pilot  balloon  observa* 
tions  to  elevation  a  significantly  above  the  top  of  the  tower  in  order  to  study 
the  low  level  jet  stream  at  these  higher  altitudes.  Provisions  are  also  being 
planned  to  obtain  certain  moisture  measurements  possibly  using  standard 
mierohygrograph  recorders.  Finally,  simple  light-weight  cup'type 
anemonieters  will  be  used  in  order  to  determine  the  extent  of  wind  inter  = 
ference  effects  at  various  levels  and  at  various  azirnuths. 
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